Abstract Background: The prevalence of pinworm infection is extremely low in Taipei, Taiwan. This population study was designed to determine the current status and the associated risk factors of this infection among pre-school children. Methods: Perianal swab specimens were obtained from the parents or guardians using a twoconsecutive-day adhesive cellophane perianal swab kit. Information of family background, personal hygiene, and household sanitary conditions were collected by asking the parents or guardians to complete a questionnaire. Results: Of 44,163 children, 0.21% was found to infect with pinworm. The positive rate was highest in Datong (0.59%) and Nangang (0.58%) Districts and lowest in Neihu District (0.02%). There was no significant difference in the rates by gender (boys 0.24% and girls 0.19%) or school (kindergartens 0.25% and nurseries 0.17%). Significantly higher positive rates were found in children having parent with lower educational level and elder brother(s)/sister(s). Children taking bath by themselves and those sleeping in bed with matting had significantly higher positive rates. Five significant independent predictors of pinworm infection were determined by multivariate analysis: having elder brother(s), having elder sister(s), infrequent washing hands after using toilet facilities, bathing without the help of family members, and sleeping on bed with matting.
Introduction
Enterobius verimcularis, the pinworm, has a simple life cycle. Contamination of eggs to the environment not only enables the transmission of infection through the fingeroral route but also by inhalation. In addition, retroinfection of the larvae through the anus is not uncommon. Among the common intestinal helminths, the prevalence of enterobiasis is generally underestimated since pinworm eggs are not usually detected by stool examination. This infection is more common in the temperate than in the tropic. 1 Recent studies indicate that positive rates over 20% were not uncommon in many parts of the world. 2e28 In Taiwan, the control of pinworm infection among school children should be considered to a success. The prevalence was reduced from 19.9% in 1986 to 2.5% in 2001 after a 15-year population-based control. 29 Mass examination, treatment, and follow-up should be continued until the eradication of the infection. However, this large-scale control project was put to an end in 2001 and the control works then become tasks undertaking by the health-related agencies in each county/city government. In order to determine the status of pinworm infection among school children after this change in the control works, we examined 118,190 school children from 25 counties/cities in 2007 and found 2.4% (0.6e6.6%) were infected with pinworm, indicating the prevalence remains at a low level after the control works transferred to the local governments. 30 Large-scale mass screening and treatment projects for pinworm infection among pre-school children in Taipei have been carried out since 1990. The positive rate significantly reduced from 4.3% in 1990 to 0.40% in 2007. 31 The positive rates in children of kindergartens and nurseries have also been reported to be 0.62% 32 and 0.5%, 14 respectively. This study was designed not only to determine the current status of pinworm infection among pre-school children in Taipei but also the associated risk factors with this infection.
Methods

Study population
This study was conducted from September 2010 to November 2012. The participants were 45,014 pre-school children enrolled in 751 kindergartens and nurseries of Taipei. In addition to the pre-school children, teachers and workers in the kitchen of the schools were also examined for pinworm infection.
Parasitological survey
An informed consent was obtained from the parents or guardians of each participant. Through the assistance of the teachers, a two-consecutive-day adhesive cellophane perianal swab kit was distributed to each child. The parents or guardians were instructed to take perianal swabs for their children immediately after getting up in the morning of the next two days. The specimens were examined microscopically for pinworm eggs or worms by parasitologists and experienced medical technologists.
Questionnaire survey
The parents or guardians were asked to complete a questionnaire concerning with the family background, personal hygiene, and household sanitary conditions. In addition to the demographic data, educational levels and occupations of the parents were obtained. To determine the personal hygiene, washing hand behaviors, finger sucking, fingernail cutting habits, and bathing habits was collected. Household sanitary including household cleaning and living conditions was assessed.
Chemotherapy and follow-up
Infected children and their families were administered with a single dose of mebendazole (100 mg/tablet). Follow-up examination was conducted 2e4 weeks after chemotherapy.
Statistical analysis
Data were managed and analyzed using the statistical software SPSS 12.0 (SPSS, Inc., Chicago, IL). Rates were compared by the Chi-square test. Factors associated with pinworm infection were analyzed by stepwise logistic regression. A p value < 0.05 was considered to be statistically significant.
Results
A total of 44,163 (98.11%) specimens were collected from the 45,014 participants. Of the children examined, 94 (0.21%) were found to infect with pinworm. Table 1 shows the prevalences in the 12 districts of Taipei. Datong (0.59%) and Nangang (0.58%) Districts had the highest positive rates whereas Neihu District had the lowest rate of 0.02% (p < 0.001). Although the rate was slightly higher in boys (0.24%) than in girls (0.19%) and in kindergartens (0.25%) than in nurseries (0.17%), no significant difference was found by gender or school (p > 0.05) ( Table 2) .
Statistical analyses of the family background indicate that significantly higher positive rates were found in children having lower educational level of the parent (father: 0.31% vs. 0.18%, mother: 0.34% vs. 0.18%). Children with elder brother(s) (0.33% vs. 0.19%) or sister(s) (0.34% vs. 0.18%) had significantly higher rates (p < 0.05). However, there were no significant differences in the rate by occupation of the parents or having younger brother(s) or sister(s) (p > 0.05) ( Table 3) .
Univariate analyses of personal hygienic factors indicate that there were no significant associations between pinworm infection and washing hand habits, finger sucking, long fingernails, and bathing habits (p > 0.05) (Table 4) . However, children taking bath by themselves had a significantly higher positive rate (0.42% vs. 0.20%) (p < 0.001). Among the household sanitary conditions, a significant higher rate was found in the children sleeping in bed with matting (0.69% vs. 0.20%) (p < 0.001). There was no significant association between pinworm infection and style of residence, type of floor, cleaning house or bedding, or sharing bedroom/bed (p > 0.05) ( Table 5 ). Multivariate analysis showed that having elder brother(s) (odds ratio (OR) Z 2.358), having elder sister(s) (OR Z 2.450), infrequent washing hands after using toilet facilities (OR Z 2.324), bathing without the help of family members (OR Z 1.949), and sleeping on bed with matting (OR Z 2.659) were significant independent predictors of pinworm infection among the pre-school children (p < 0.05) ( Table 6 ).
In addition to the pre-school children, 204 teachers and 521 workers in the kitchen from 357 schools were also examined for pinworm infection. However, only negative results were obtained in these adult participants.
Of the 94 infected children, 328 children and their families were treated with mebendazole. In addition to negative results in the infected children after chemotherapy, no positives were also found among the treated families.
Discussion
In the present study, we have determine only 0.21% of 44,163 pre-school children were infected with pinworm. This infection rate was lower than that reported in 2007 (0.40%). 31 Moreover, the positive rates of 0.25% in kindergartens and 0.17% in nurseries were also lower than those reported previously (kindergartens 0.62% and nurseries 0.5%). 14, 32 These findings indicate that repeated mass screening and treatment is feasible for the eradication of enterobiasis. Although no significant differences were found between the positive rate by gender and school, the rates in boys and kindergartens were slightly higher. These findings are similar to those reported previously. 14, 32 However, significant grade-and genderspecific prevalences of the infection have been reported among school children in Taiwan. 30 The gender difference in the children may be due to the fact that girls have better personal hygienic measures against pinworms than boys. The level of personal hygiene may become similar in the elder children.
Pinworm infection among pre-school children in South Taiwan has a tendency of family aggregation. 33 Moreover, bed/bedroom sharing with family members and floor covered with carpet or cement have been found to be important risk factors. 34 In the present study, we determined that children having elder brother(s)/sister(s) had significantly higher positive rate. These findings suggest that transmission of the infection may occur in the family through their school-age siblings. Although education and occupation of parents are important indicators of socioeconomic status of the children, we found that only children having parents with lower education level had significantly higher positive rates. These findings are not consistent with those reported previously that knowledge of parents about enterobiasis might be one of the most important risk factors for enterobiasis in children. 2 However, occupation of parents has also been reported to be a risk factor for the infection. Behavior and environmental factors have been to be important in the transmission of pinworm. A case-control study on school-age children in Central Taiwan revealed playing on the floor, nail biting, failure to wash hands before meals and living in nonapartment dwellings as significant factors. 35 Positive rates in urban regions have been reported to be significantly lower than the suburban and rural counterparts. 18,20e22 Recently, pinworm eggs have been recovered from armor, fingers, bedclothes, briefs, and stationery of infected pre-school children in Korea. 16 Moreover, pinworm eggs have also identified on the hands of school children in a rural South African region. 27 These findings indicate that finger-oral route remains the most important avenue for enterobiasis transmission. Although univariate analysis did not show a significant association between enterobiasis and washing hand habits (p > 0.05), infrequent washing hands after using toilet facilities is a significant independent predictor. Therefore, good hand washing habit should be an important preventive measure against the infection. Since pinworm infection is more prevalent in the school age and pre-school children with elder siblings are significant independent predictors, transmission of this infection may occur in the family through their school-age siblings.
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